The occurrence and ecological role of plasmids in bacterial mycosphere dwellers by Zhang, Miaozhi
  
 University of Groningen
The occurrence and ecological role of plasmids in bacterial mycosphere dwellers
Zhang, Miaozhi
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2015
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Zhang, M. (2015). The occurrence and ecological role of plasmids in bacterial mycosphere dwellers. [S.l.]:
[S.n.].
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the










The draft genomes of two plasmids that were 
exogenously isolated from the mycosphere 
 
 



























Two self-transmissible plasmids with IncQ plasmid mobilizing capacity, denoted 
pTJ123 and pTJ225, were exogenously isolated into Pseudomonas fluorescens, respectively 
from the mycospheres of Inocybe and Galerina spp. growing in forest soil. The two plasmids 
could transfer between various Gram-negative hosts and thus are characterized as ‘broad-host-
range’ ones. Following IncQ plasmid curing and extensive plasmid extraction and purification, 
the complete sequences of these two plasmids were obtained by Illumina sequencing. The 
results showed plasmid pTJ123 and pTJ225 to be 40,456 and 38,991 bp in size, respectively. 
They shared 86% and 84% similarity with their closest relative, i.e. the newly-described 
plasmid pMBUI2. A typical plasmid structure, consisting of a replication region, a central 
control region and a transfer region, interspersed with insertional hot spots, was discerned in 
both plasmids. Synteny analysis showed that plasmids pTJ123 and pTJ125 had highly 
conserved structures, as compared with plasmid pMBUI2. Moreover, much like plasmid 
pMBUI2, the accessory genes carried by the two new plasmids encoded mainly as-yet-
unknown functions.  Hence, plasmids pTJ123 and pTJ225 are, with the exception of their 
mobilizing capacity, hitherto cryptic. We posit that these two newly isolated plasmids, 
together with plasmid pMBUI2, constitute the core of a new group of broad-host-range 


















Horizontal gene transfer (HGT) plays an important role in the adaptive evolution of 
bacteria (Davison, 1999). HGT depends on contact of the bacterial genome, localized in the 
cytoplasm, with DNA invading from the outside milieu. A major mechanism involved in 
HGT is (cell-to-cell contact driven) conjugation and plasmid are the key genetic elements that 
drive this process, which may also result in DNA rearrangements (Frost, 2005). Plasmids are 
independently replicating entities (replicons) that can transfer to other cells and maintain their 
stability in their hosts (Sambrook and Russel, 2001). Beside the so-called plasmid backbone 
genes which are responsible for plasmid replication, regulation, stable inheritance and transfer, 
many plasmids carry host-beneficial accessory genes that encode various functions such as 
resistance to antibiotics or heavy metals and degradation of xenobiotic compounds (Heuer and 
Smalla, 2012). Thus, plasmids have been key in the evolution as well as spread of antibiotic 
resistance and biodegradation genes, playing important roles for  bacteria that are under 
selective (antibiotic or heavy metal) pressures (Thomas, 2000). Plasmids can have narrow or 
broad host ranges. Broad-host-range (BHR) plasmids are particularly crucial in microbial 
communities, since they can be transferred across many members of the community, thus 
establishing genetic interconnections and facilitating the adaptation and evolution of bacterial 
populations, in particular in fast changing environments. Among the BHR plasmids, IncP-1 
and PromA plasmid groups have been suggested to have major roles as gene transfer vehicles 
in soil bacterial communities (Heuer and Smalla, 2012). 
The mycosphere is the habitat surrounding fungal hyphae where numerous 
carbonaceous compounds are present and organism-to-organism contacts are potentially 
activated (Warmink and van Elsas, 2008). Therefore, the mycosphere has been proposed to 
constitute a gene transfer arena, where a variety of genes, including locally-adaptive ones, are 
exchanged across the local microbial communities (Zhang et al., 2014a). In previous work, 
two IncP-1β plasmids isolated from Variovorax paradoxus from the mycosphere of Laccaria 
proxima were shown to enhance the fitness of their hosts, one probably encode iron uptake 
related genes (Zhang et al., 2014c). Subsequently, these plasmids were sequenced and the 
complete genomic structures were described. A major conclusion of this work was that the 
hosts of these two plasmids, as compared to two other IncP-1β plasmids, pB10 and pADP1, 
have been subjected to widely different eco-evolutionary histories (unpublished data). 
In other recent work, using triparental exogenous isolation based on the IncQ tracer 




plasmid pSUP104 as well as direct molecular detection, we analyzed some of the self-
transferable plasmids that occurred in mycosphere soils of Russula, Inocybe, 
Ampulloclitocybe and Galerina spp. (Zhang et al., 2014b). Replicon typing applied to some of 
these plasmids revealed signals with the IncP-1β as well as PromA detection systems. Two 
plasmids (presumed to belong to the IncP-1β class) that had been obtained from the 
mycospheres of Inocybe and Galerina spp. were subjected to full sequencing. Here, we 
describe the complete sequence, genetic composition and putative ecological roles of plasmid 
pTJ123 and pTJ225.  
 
Materials and methods 
Bacterial strains, plasmids and growth condition 
Plasmid pTJ123 and pTJ225 were originally obtained in Pseudomonas fluorescens 
strain R2f Rp
r
 (resistant to rifampicin) by triparental exogenous plasmid isolation together 
with the IncQ tracer plasmid pSUP104 which was removed later by elevated temperature 
(Zhang et al., 2014b). P. fluorescens R2f Rp
r
 carrying either plasmid pTJ123 or pTJ225 was 
routinely grown in LB broth (tryptone 10 g, yeast extract 5 g, NaCl 5 g, distilled water 1 L; 
pH 7.2) supplemented with 50 µg/ml rifampicin (Rp
r
) at 28°C for 24 h. For solid media, 17.5 
g  agar per liter of medium were added. 
Plasmid isolation and purification 
Plasmid DNA was obtained routinely following a modified extraction protocol 
(Birnboim and Doly, 1979). In short, overnight-grown cultures were centrifuged and 
supernatant was removed. Obtained cell pellets were resuspended in resuspension buffer, 
followed by adding lysis solution, mixing by inversion and incubating at room temperature 
for 5 min. Then, 150 µl of 7.5 M ammonium acetate and 150 µl of chloroform were added. 
After mixing, the tube was incubated on ice for 10min, which was followed by a spin for 10 
min. Later, supernatant was transferred to 200 µl precipitation solution and chilled on ice for 
15 min.  Then, it was centrifuged for 15 min, following which the supernatant was removed 
and the pellet air-dried. Finally, the pellet was resuspended in PCR water. Following 
extraction, the quantity and quality of the extracted plasmid DNA were checked on 1.0% 
agarose by using gel electrophoresis, verifying the presence of plasmid DNA bands using 
ethidium bromide staining. The resulting image was digitized. Bands containing plasmid 
DNA (covalently closed circular DNA) were excised from the gel and extracted with 




Zymoclean™ Large Fragment DNA Recovery Kit (catalog number: D4045, Zymo Research, 
USA). Ultrapure plasmid DNA was thus obtained and sequenced by Illumina sequencing 
technology.  
DNA sequencing of plasmid pTJ123 and pTJ225 
Ultrapure DNA was post-cleaned by DNA Clean & Concentrator™-25 kit (Zymo 
research, USA) to remove any possible inhibitors and subjected to prepare a library for 
Illumina sequencing by using Nextera XT DNA Sample Preparation Kit (Catalog number: 
FC-131-1024, USA) according to the manufacturer’s protocol. In short, sample DNA was 
simultaneously fragmented and tagged with adapters. An optimized, limited-cycle PCR 
protocol amplified tagged DNA and added sequencing indexes. The resulting fragment 
libraries were sequenced with MiSeq Reagent Kit v3 (catalog: MS-102-3001, USA) on the 
MiSeq platform which could generate 300 bp from each end. A total of 781444 and 1789078 
reads with an average length of 254 nucleotides were obtained for pTJ123 and pTJ225 
respectively. 
Sequence assembly and annotation 
The reads were quality-trimmed and assembled de novo, using mapping to a reference 
genome by using CLC Genomics Workbench software v.5.6.1. Briefly, raw reads were 
trimmed by quality and by size using the software default parameters, except that 15 
nucleotides were removed from both 5’ and 3’ of each read. The assemblies were confirmed 
by realigning reads against the consensus assembly using the default parameters of CLC, 
except that length fraction was decreased to 0.4, and similarity fraction to 0.6.  
The draft genome sequences were annotated by using RAST platform (Overbeek et al., 
2014). All putative CDSs were manually checked. Moreover, the intergenic regions were 
analyzed manually for missed coding sequences by applying BLAST program (Altschul et al., 
1997). 
Bioinformatics analyses  
Plasmid DNA and amino acid sequences were compared with those of related 
plasmids deposited in NCBI repository by BLASTN and BLASTX (Altschul et al., 1997). 
Synteny analysis was performed using the Mauve Alignment Tool (Darling et al., 2010). 
Insertion elements were annotated by using the IS database homepage (http://www-
is.biotoul.fr/is.html).  






Plasmids pTJ123 and pTJ125 are broad-host-range mobilizer plasmids that can transfer 
across diverse Gram-negative bacteria 
Plasmids pTJ123 and pTJ225 were exogenously isolated from the mycosphere soil of 
Inocybe and Galerina, respectively, as described in previous work (Zhang et al., 2014b). For 
that purpose, triparental matings were used, in which E. coli CSH52 (pSUP104) served as the 
tracer plasmid and strain Pseudomonas fluorescens R2f Rp
r
 as the recipient. In this way, 
plasmids with the ability to mobilize small mobilizable plasmids could be captured from the 
mycosphere soil communities. Afterwards, plasmids pTJ123 and pTJ225 were further 
transferred from selected primary transconjugants to Burkholderia terrae strain BS001 in the 
laboratory in a biparental mating experiment (which was based on the ability of plasmid to 
transfer and replicate in selectable recipient). The data from such laboratory experiments 
confirmed the mobilization and transfer ability of these two plasmids, indicating both were 
broad-host-range self-transferable and mobilizing HGT agents. 
The complete sequences of plasmids pTJ123 and pTJ225 
Plasmids pTJ123 and pTJ225 represent independent isolates, as they came from two 
different mycospheres (Zhang et al., 2014b). By applying different PCR-based replicon typing 
systems, both plasmids were found to be trfA2- and mob-positive and thus were initially 
presumed to belong to the IncP-1β group of plasmids (Zhang et al., 2014b). Using the P. 
fluorescens derivatives that had successfully lost the IncQ tracer plasmid pSUP104, plasmid 
DNA was produced in sufficient quantity and quality for deep Illumina sequencing. The 
complete sequences of plasmid pTJ123 and pTJ225 were thus obtained. The two plasmids 
revealed circular closed sequences with sizes of 40,456 and 38,991 bp, respectively (Fig. 1). 
The overall G+C contents of plasmid pTJ123 and pTJ225 were 59.8 and 60.0%, respectively. 
Analyses of the coding content and plasmid organization revealed totals of 52 and 49 coding 
sequences (CDS) for pTJ123 and pTJ225, respectively. Taking into account the predicted 
CDS sizes, the plasmids thus had respectively 88 and 89% gene loads (average CDS length of 
700 bp). Similarity searches showed that most of the predicted CDSs encode proteins with 
similarity to proteins from plasmids of a range of other organisms. For plasmid pTJ123, 
biological functions could be attributed to 29 of the 52 CDSs, whereas the remaining 23 CDSs 
were found to code for conserved hypothetical proteins. For plasmid pTJ225, biological 




functions could be attributed to 29 CDSs, with 20 CDSs coding for conserved hypothetical 
proteins. The details of all CDSs are listed in Tables 1 and 2. 
 
Plasmids pTJ123 and pTJ225 share a common backbone with pMBUI2 
The overall genetic organization of plasmids pTJ123 and pTJ225 (Fig. 1) was highly 
similar to that of a newly sequenced plasmid, pMBUI2, which had been recently exogenously 
isolated from freshwater samples in the USA (Brown et al., 2013). Clearly, these three 
plasmids share a common backbone, which comprises replication, maintenance/control and 
conjugative transfer genes. The overall sequence similarity between pTJ123 and pMBUI2 was 
86%, and between pTJ225 and pMBUI2 84%. The percentage identity between shared 
homologs was also assessed. It turned out to vary from 69% to 91% (trbD) for pTJ123, and 76% 
to 90% (trbD) for pTJ225, respectively. The relative conservation of the trbD gene between 
the three plasmids was striking. Concerning unicity, nine CDSs in pTJ123 were unique for 
this plasmid, whereas ten CDSs were so in pTJ225. Moreover, four out of nine CDSs in 
pTJ123 and seven out of ten CDSs in pTJ225 were ‘specific’, as these regions did not find 
any match with regions on pMBUI2 or with each other.   
On the other hand, the backbones of plasmids pTJ123 and pTJ225 contained important 
parts that were closely related to similar regions of the new plasmid pMBUI2 (Brown et al., 
2013). Thus, in the backbones of plasmids pTJ123 and pTJ225, we could discern one key 
CDS that is predicted to be involved in replication initiation (rep), another one with potential 
involvement in plasmid stabilization/maintenance/control of copy number (par), ten in 
conjugative plasmid transfer (tra) and ten in mating pair formation (trb) (Fig. 1). This 
organization, next to the overall homology, was, overall, very similar to that found in the 
reference plasmid pMBUI2 (Fig. 1).  
 
Considering the backbone nucleotide sequences of plasmids pTJ123 and pTJ225, we 
found great similarity (around 95% over the whole backbone sequence) between these two 
plasmids. Moreover, no key difference of gene order between two plasmids was noted, 
























Remarks; amino acid identity to pMBUI2**  
 
rep 1442 54 1389 61.33 Replication protein 463 52.48 89% replication initiation protein Rep 
parC 1945 1628 318 60.12 ParC protein 106 11.24 89% partition protein C ParC 
orf1 2216 2479 264 53.12 Transcriptional regulator 88 9.88 87% putative transciptional regulator 
trbB 2660 3643 984 60.59 Conjugative transfer protein TrbB 328 35.44 86% P-type conjugative transfer ATPase TrbB 
trbC 3655 4122 468 61.45 Conjugative transfer protein TrbC 156 15.68 86% trbC/ VirB2 family protein 
trbD 4122 4436 315 61.54 Conjugative transfer protein TrbD 105 11.98 91% putative conjugal transfer protein TrbD 
trbE 4450 6957 2508 59.77 Conjugative transfer protein TrbE 836 93.74 86% putative mating pair formation protein TrbE 
trbJ 6926 7714 789 58.97 Conjugative transfer protein TrbJ 263 29.24 87% putative mating pair formation protein TrbJ 
orf2 7715 7918 204 59.15 Hypothetical protein 68 6.90 86% hypothetical protein 
trbL 7922 9634 1713 65.09 Conjugative transfer protein TrbL 571 55.64 78% putative mating pair formation protein TrbL 
orf3 9638 9934 297 59.15 Hypothetical protein 99 11.08 80% hypothetical protein 
trbF 10025 10741 717 58.50 Conjugative transfer protein TrbF 239 26.68 84% putative mating pair formation protein TrbF 
trbG 10759 11679 921 59.63 Conjugative transfer protein TrbG 307 32.98 81% putative mating pair formation protein TrbG 
trbH 11681 12136 456 65.59 Conjugative transfer protein TrbH 152 15.79 86% putative mating pair formation protein TrbH 
trbI 12136 13638 1503 62.14 Conjugative transfer protein TrbI 501 52.74 80% putative mating pair formation protein TrbI 
traB 13686 14150 465 60.54 IncP-type DNA transfer gene TraB 155 16.02 85% similarity to DNA processing protein TraB 
orf4 14173 14556 384 59.33 Hypothetical protein 128 13.82 No match with pMBUI2 
orf5 15195 14941 255 66.89 Hypothetical protein 85 9.15 78% putative membrane protein 
orf6 16016 15369 648 60.72 Phage DNA invertase 216 23.13 83% non-coding sequence 
orf7 16677 16063 615 62.22 Hypothetical protein 205 23.39 79% hypothetical protein 
orf8 16919 16695 225 60.51 Hypothetical protein 75 8.11 88% non-coding sequence 
orf9 17393 16944 450 58.11 Hypothetical protein 150 16.31 No match with pMBUI2 
orf10 17824 17453 372 61.35 Hypothetical protein 124 13.33 78% hypothetical protein 
orf11 18095 17877 219 60.26 Hypothetical protein 73 8.07 90% non-coding sequence 
orf12 18280 18483 204 54.33 Hypothetical protein 68 7.68 No match with pMBUI2 
orf13 18520 18861 342 51.12 Hypothetical protein 114 12.78 73% hypothetical protein 
mpr 18858 19580 723 56.80 Zinc metalloproteinase Mpr protein 241 26.49 81% putative zinc metalloproteinase Mpr protein 
orf14 19595 20011 417 55.08 Hypothetical protein 139 15.39 69% hypothetical protein 
orf15 20008 20202 195 60.27 Hypothetical protein 65 7.07 No match with pMBUI2 
fiwA 20952 20248 705 66.45 Hypothetical protein 235 25.37 82% putative fertility inhibition factor FiwA 
orf16 21084 21494 411 54.88 Hypothetical protein 137 15.28 No match with pMBUI2 
orf17 21797 21588 210 57.02 Hypothetical protein 70 7.70 No match with pMBUI2 
orf18 22118 21885 234 59.01 Hypothetical protein 78 8.42 74% non-coding sequence 





traC 28209 24202 4008 64.4 DNA primase (EC 2.7.7.-) 1336 114.18 84%, 85%  putative DNA primase TraC   
(508bp insertion) 
orf19 29204 28212 993 60.27 Peptidoglycan hydrolase VirB1/TraC, 
involved in T-DNA transfer 331 35.16 82% putative transglycosylase SLT domain protein 
traF 29767 29201 567 68.42 Conjugal transfer protein TraF 189 19.43 87% putative DNA processing protein TraF 
traG 31758 29764 1995 58.17 Type IV secretion system protein 
VirD4/TraG 665 73.64 79% putative DNA processing protein TraG 
traI 33567 31810 1758 61.51 TraI protein 586 64.71 78% putative relaxase protein TraI 
traI 33962 33636 327 55.65 IncP-type relaxosome stabilization 
protein TraH 109 12.03 91% putative relaxase protein TraI 
traI 34084 34215 132 50.00 hypothetical protein 44 4.74 89% putative relaxase protein TraI 
traJ 34880 34518 363 58.69 TraJ protein 121 13.14 84% putative DNA processing protein TraJ 
traK 35276 35650 375 59.35 TraK protein 125 13.34 81% putative DNA processing protein TraK 
traL 35667 36425 759 49.21 IncP-type DNA transfer protein TraL 253 27.95 84% putative transfer origin protein TraL 
traM 36436 36891 456 60.77 TraM protein 152 16.30 84% putative conjugal transfer protein TraM 
orf20 36943 37317 375 61.64 Hypothetical protein 125 13.15 75% hypothetical protein 
orf21 37322 37825 504 62.80 Hypothetical protein 168 18.38 72%, 78% hypothetical protein (insertion 224bp) 
orf22 37849 38187 339 53.62 Hypothetical protein 113 12.10 No match with pMBUI2 
kor 38566 38255 312 64.42 FIG045511: hypothetical antitoxin (to 
FIG022160: hypothetical toxin) 104 11.24 83% putative addiction module antidote protein 
kil 38896 38570 327 59.60 Phage-related protein 109 12.77 84% putative addiction module killer protein 
orf23 39347 39877 531 62.43 Hypothetical protein 177 19.16 No match with pMBUI2 
orf24 40323 40006 318 61.94 Hypothetical protein 106 11.52 No match with pMBUI2 
 
*amino acid 






























Remarks; amino acid identity to pMBUI2**  
 
rep 1443 55 1389 60.87 Replication protein 463 52.55 89% replication initiation protein Rep 
parC 1946 1629 318 59.81 ParC protein 106 11.24 89% partition protein C ParC 
orf1 2217 2480 264 52.95 Transcriptional regulator 88 9.88 85% putative transciptional regulator 
trbB 2661 3644 984 60.77 Conjugative transfer protein TrbB 328 35.44 86% P-type conjugative transfer ATPase TrbB 
trbC 3656 4123 468 61.20 Conjugative transfer protein TrbC 156 15.69 86% trbC/ VirB2 family protein 
trbD 4123 4437 315 60.48 Conjugative transfer protein TrbD 105 11.98 90% putative conjugal transfer protein TrbD 
trbE 4451 6958 2508 60.09 Conjugative transfer protein TrbE 836 98.70 85% putative mating pair formation protein TrbE 
trbJ 6927 7715 789 58.65 Conjugative transfer protein TrbJ 263 29.25 87% putative mating pair formation protein TrbJ 
orf2 7716 7919 204 58.87 Hypothetical protein 68 6.88 86% hypothetical protein 
trbL 7923 9614 1692 65.32 Conjugative transfer protein TrbL 564 55.04 79% putative mating pair formation protein TrbL 
orf3 9618 9914 297 58.00 Hypothetical protein 99 11.09 80% hypothetical protein 
trbF 10006 10725 720 57.97 Conjugative transfer protein TrbF 240 26.70 84% putative mating pair formation protein TrbF 
trbG 10747 11667 921 59.23 Conjugative transfer protein TrbG 307 33.02 80% putative mating pair formation protein TrbG 
trbH 11669 12124 456 64.96 Conjugative transfer protein TrbH 152 15.83 85% putative mating pair formation protein TrbH 
trbI 12124 13623 1500 62.33 Conjugative transfer protein TrbI 500 52.57 80% putative mating pair formation protein TrbI 
traB 13671 14135 465 61.27 IncP-type DNA transfer gene TraB 155 16.04 84% similarity to DNA processing protein TraB 
orf4 14534 14280 255 64.35 Hypothetical protein 85 9.15 78% putative membrane protein 
orf5 15355 14708 648 61.90 Phage DNA invertase 116 23.16 83% putative resolvase 
orf6 16015 15401 615 62.57 Hypothetical protein 205 23.42 78% hypothetical protein 
orf7 16209 16033 177 60.98 Hypothetical protein 59 6.34 88% non-coding sequence 
orf8 16758 16282 477 57.88 Hypothetical protein 159 17.30 No match with pMBUI2 
orf9 17187 16816 372 60.32 Hypothetical protein 124 13.32 77% hypothetical protein 
orf10 17459 17184 276 58.70 Hypothetical protein 92 9.97 89% non-coding sequence 
orf11 17644 17832 189 55.56 Hypothetical protein 63 7.17 No match with pMBUI2 
orf12 17885 18217 333 49.32 Hypothetical protein 111 12.23 No match with pMBUI2 
orf13 18232 18474 243 54.42 Hypothetical protein 81 8.40 No match with pMBUI2 
mpr 18474 19193 720 57.39 Zinc metalloproteinase Mpr protein 240 26.46 84% putative zinc metalloproteinase Mpr protein 
orf14 19211 19627 417 54.12 Hypothetical protein 139 15.64 No match with pMBUI2 
fiwA 20602 19904 699 66.94 Hypothetical protein 233 25.11 83% putative fertility inhibition factor FiwA 
orf15 20907 20674 234 59.13 Hypothetical protein 78 8.60 No match with pMBUI2 
orf16 21228 20983 246 64.25 Hypothetical protein 82 8.79 76% non-coding sequence 
topA 23252 21228 2025 62.46 DNA topoisomerase I (EC 5.99.1.2) 675 72.85 82% putative DNA topoisomerase I TopA 
traC 27319 23312 4008 64.81 DNA primase (EC 2.7.7.-) 1336 144.36 84%, 84%  putative DNA primase TraC   
(507 bp insertion) 
orf17 28314 27322 993 61.03 
Peptidoglycan hydrolase 
VirB1/TraC, involved in T-DNA 
transfer 





traF 28877 28311 567 68.48 Conjugal transfer protein TraF 189 19.47 87% putative DNA processing protein TraF 
traG 30868 28874 1995 57.83 Type IV secretion system protein 
VirD4/TraG 665 73.55 78% putative DNA processing protein TraG 
orf18 31200 30865 336 56.40 Hypothetical protein 112 12.54 No match with pMBUI2 
traI 32941 31190 1752 61.28 TraI protein 584 64.45 77% putative relaxase protein TraI 
traI 33336 33010 327 56.17 IncP-type relaxosome stabilization 
protein TraH 109 12.03 91% putative relaxase protein TraI 
traI 33458 33589 132 49.77 Hypothetical protein 44 4.74 88% putative relaxase protein TraI 
traJ 34254 33892 363 58.78 TraJ protein 121 13.14 84% putative DNA processing protein TraJ 
traK 34651 35025 375 59.06 TraK protein 125 13.36 81% putative DNA processing protein TraK 
traL 35042 35800 759 49.99 IncP-type DNA transfer protein 
TraL 253 27.97 83% putative transfer origin protein TraL 
traM 35811 36266 456 61.29 TraM protein 152 16.22 85% putative conjugal transfer protein TraM 
orf19 36384 36722 339 53.39 Hypothetical protein 113 12.08 No match with pMBUI2 
kor 37101 36790 312 64.33 FIG045511: hypothetical antitoxin 
(to FIG022160: hypothetical toxin) 104 11.24 83% putative addiction module antidote protein 
kil 37431 37105 327 59.55 Phage-related protein 109 12.77 84% putative addiction module killer protein 
orf20 37882 38412 531 63.11 Hypothetical protein 177 19.18 No match with pMBUI2 
orf21 38858 38541 318 60.77 Hypothetical protein 106 11.54 No match with pMBUI2 
 
*amino acid 











Functional annotation of plasmids pTJ123 and pTJ225  
We grouped the predicted gene products of plasmids pTJ123 and pTJ225 into two 
categories: (1) replication and partitioning functions, (2) transfer functions, including mating 
pair formation and DNA processing. A third category consisted of predicted genes and their 
products for which no function could be assigned based on sequence homology searches 
(Tables 1 and 2).  
Replication functions 
The predicted replication initiation (rep) genes located on plasmids pTJ123 and 
pTJ225 were internally 99% similar and showed similarities of 89% with the rep gene found 
in plasmid pMBUI2 (used as the reference). Plasmid pMBUI2 has been recently described as 
an IncP-1 ‘like’ plasmid, which, however, has some key differences with the archetypical 
IncP-1 plasmids. One of the differences lies in the replication initiation gene, which shares no 
similarities with the canonical trfA gene (characteristic for the IncP-1 group). On the basis of 
this, next to other differences,  it is proposed that these plasmids constitute the core of a new 
group of broad host range plasmids, which is consistent with the proposal of Brown et al. 
(2013).  





Fig. 1 Draft genome of plasmids pTJ123 and pTJ225. 
 
Stability and central control functions 
One CDS in both plasmids pTJ123 and pTJ225, tentatively coined parC, showed 
homology to the parC gene in plasmid pMBUI2 (Tables 1 and 2). This is the only CDS we 
found in plasmid pTJ123 and pTJ225 that was predicted to be involved in plasmid 
partitioning. It is also the only CDS reported to be responsible for maintenance and stability 
on plasmid pMBUI2. Moreover, we obtained evidence for the presence of kil/kor systems 
(killing/kil -overriding) on both plasmids (Tables 1 and 2). None of the other predicted ‘stable 
inheritance’ genes involved in partitioning, post-segregational killing or multimer resolution 
that are typical of IncP-1 plasmids were identified on plasmids pTJ123 and pTJ225, which is 
consistent with the findings relative to pMBUI2 (Brown et al., 2013). We did not assess the 
stabilities of plasmids pTJ123 and pTJ225 in their current or other hosts, so we do not yet 
know how this single stability system affects plasmid stability.  
Transfer functions: mating pair formation and DNA processing 
As reported, the presence of transfer genes that show sequence similarity to those of 
IncP-1 plasmids ‘ties’ plasmid pMBUI2 to the IncP-1 plasmid group. Specifically, a gene 




arrangement similar to that of IncP-1 plasmid pNeutP1 from Nitrosomonas eutropha C91 was 
reported (Garcillan-Barcia et al., 2009; Brown et al., 2013). In the two novel plasmids, we 
found mating pair formation related genes, i.e. trbB, trbC, trbD, trbE, trbJ, trbL, trbF, trbG, 
trbH and trbI, on plasmid pTJ123 as well as pTJ225. In addition, conjugative DNA transfer 
related genes, i.e. traB, traC, traF, traG, traI, traH, traJ, traK, traL and traM (known to be 
necessary for relaxosome formation, DNA processing for transfer, initiation of transfer 
replication and guidance of the relaxosome complex to the secretion channel; representing a 
type IV secretion system) were found (see Christie and Cascales, 2005). Moreover, a putative 
nicking site between traJ and traK was found which shares sequence similarity to that in the 
origin of transfer (oriT) on IncP-1 plasmids. 
Accessory genes 
A suite of inserts were found in the presumed insertional hot spots of plasmids pTJ123 
and pTJ225. However, these predicted ORFs did not find any matches in the NCBI database. 
The positions of these inserts were nearly identical between plasmids pTJ123 and pTJ225. 
Both plasmids harbored the insertions between the traB and traC regions, as well as between 
the CDSs denoted traL and ‘antitoxin’. Comparison to the reference plasmid pMBUI2 
revealed  that the latter plasmid contained predicted genes for zinc metalloproteinases (Mpr) 
in the insertional hot spot site. The Mpr protein was reported to share 50 - 60% sequence 
identity with other Mpr proteins encoded by different plasmid groups, however it was not 
related to other Mpr proteins that are associated with bacterial pathogenesis (Brown et al., 
2013). The mpr coding regions were thus hypothesized to belong to the plasmid backbones  
since they  were consistently found near or within the control regions of various plasmid 
groups (Brown et al., 2013). Consistent with this contention, the mpr genes of plasmids 
pTJ123 and pTJ225 could also be part of the respective backbones. However, the large 
clusters of other hypothetical genes found on pTJ123 and pTJ225 may encode as-yet 
unknown and potentially host-beneficial traits. Further work is needed to determine their 
function. 
Analysis of synteny between plasmids  
The draft genomes of plasmid pTJ123 and pTJ225 were aligned with the genome of 
the reference plasmid pMBUI2. The synteny group arrangements of these three genomes are 
illustrated in the comparative synteny plots obtained in Mauve (Fig. 2). Based on the analyses, 
plasmid pTJ225 was found to have a highly conserved structure, which is very akin to that of 




plasmid pMBUI2. Thus, compared to pMBUI2, this plasmid underwent few genomic 
rearrangements. Four small regions, of around 500 bp each, appeared to be unique for plasmid 
pTJ225. Noticeably, plasmid pTJ225 was devoid of a region of around 800 bp, which was 
present both in pMBUI2 and pTJ123. In addition, plasmid pTJ123 was also very conserved 
compared with plasmid pMBUI2, with one region being inversely orientated. Overall, no 
other major genomic rearrangements were evidenced. Also, two regions (500-1000 bp) could 
not be aligned with the other two genomes, indicating regions specific to plasmid pTJ123.   
Insertion sequences and transposons 
We searched for IS elements in the pTJ123 and pTJ225 genomes using the IS Finder 
database in conjunction with BLAST searches with an E value threshold of below e
-100
. 
Surprisingly, no IS elements were identified in plasmids pTJ123 and pTJ225 using the 
canonical setting of the program and the database. However, we did find a 28-bp element in 
plasmids pTJ123 and pTJ225 that matched with IS element ISXc4 (belongs to the Tn3 family) 
with similarity of 96%. This lack of clear IS elements is consistent with what was found for 
reference plasmid pMBUI2. There, also no insertion element could be identified, suggesting 





Fig. 2 Comparative synteny analysis showing the orthologous relations among plasmids: pMBUI2, pTJ123 and 








Discussion   
A key issue in plasmid ecology and evolutionary biology is whether plasmids in 
natural populations occur as pure ‘genetic parasites’ or find their ‘raison d’etre’ in selective 
advantages offered to the host. There are two common views, one being that plasmid 
persistence is indeed driven by them conferring beneficial traits to their hosts in natural 
communities, the other one that they persist by acting as genuine genetic parasites. This 
intriguing question may be addressed on the basis of the current study, by considering the 
accessory genes of the plasmids found by us. Unfortunately, our analyses so far revealed very 
little with respect to the potential benefit of the two plasmids for their hosts in the mycosphere, 
and so the question needs additional experimental evidence. Conversely, it appears both 
plasmids pTJ123 and pTJ225 were highly transfer-prone and they also propagated across 
diverse hosts. 
           We here thus provided evidence, based on the complete genome sequences of plasmids 
pTJ123 and pTJ225, for the contention that the two plasmids may act as proficient gene 
mobilizers in the mycosphere. Together with plasmid pMBUI2, the three plasmids may 
constitute a core group of novel plasmids. Interestingly, all three plasmids were obtained by 
triparental exogenous isolations, from three divergent habitats. We thus suggest that this novel 
group of IncQ plasmid mobilizers is possibly broader in terms of sequence divergence and 
habitat. This breadth of the group may relate to both preferred host (i.e. codon usage 
preference, historical contingency) and habitat (i.e. spatial separation). The new BHR group 
of plasmids is different from, but also shares some similarities with IncP-1 plasmids. For 
instance, the transfer genes between the two groups show sequence similarities. A putative 
nicking site between traJ and traK shares similarity to that present in the origin of transfer 
(oriT) on IncP-1 plasmids. Clear differences between the two plasmid groups, which are the 
basis for dividing them, are: (1) the presence of replication initiation genes that bear no 
resemblance to trfA in the new group, and (2) the absence of several partitioning genes in the 
new group.  
A second observation of this study is that, in both plasmids pTJ123 and pTJ225, 
clusters of accessory genes were found, but the functions encoded by these genes are mostly 
unknown. This is consistent with the data reported for plasmid pMBUI2 (Brown et al., 2013). 
We may speculate that the clusters of genes encoding hypothetical proteins on pMBUI2, 
pTJ123 and pTJ225 may encode host-beneficial traits. Clearly, further work on the effect of 




such plasmids on hosts under mimicked natural conditions is needed to determine their 
functions. This brings us back to the original consideration of the drivers of plasmid 
persistence, be it the presence of host-beneficial accessory genes or the genetic ‘tick-like’ 
behavior of plasmids, acting like pure genetic parasites. A balance between the two 
mechanisms may be the most likely explanation. The ecological success of these plasmids 
may also be driven by the fact that they have conferred historical benefits to their bacterial 
hosts by accessory genes which were later lost, or truncated, and are not detectable anymore.  
We conclude this report by suggesting that the three plasmids, having been isolated 
from different environments (mycosphere and freshwater), may constitute ‘regulators’ of 
adaptability to different (and potentially fluctuating) selective pressures, representing a more 
widespread pool of vectors that might spread genetic variation in different environments. 
Besides, plasmid pTJ123 was obtained from the mycosphere of Inocybe, whereas pTJ225 was 
isolated from that of Galerina spp. The fact that our two plasmids share very high similarity 
indicates that they were selected from forest soil by both mycospheres; they are probably 
present as universal potential enhancers of genetic flexibility in the respective mycospheres.  
As a last cautionary note, we emphasize that this report contains the first interpretative 
data with respect to two plasmids exogenously isolated from the mycosphere. It is clear that, 
given their internal differences, these two plasmids may constitute tip-of-the-iceberg 
representatives of large pools of grossly similar - yet not identical – plasmids that inhabit the 
bacterial communities in forest soils and are selected in mycospheres. Future work should 
provide exactly annotated functions of these, as well as a range of other plasmids. It should 
further investigate their evolutionary pathways compared with those of, e.g., the archetypical 
IncP-1 group plasmids. Finally, metagenomics-based approaches, with focus on plasmid 
fractions directly obtained from forest soil mycospheres, may also shed more light on the true 
diversity of the natural plasmid pools. It is possible that we, by broadening the scope of this 
study by metagenomics-based assessments, will be able to define plasmid ‘core-’ versus ‘pan-
genomes’, thus coming to grips with the genes that exist in the plasmid-defined mobilome of 
forest soil. Thus, in the future, a combination of different plasmid isolation and sequencing 
methods may help us to better understand the diversity and ecological role of these important 
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